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(54) Surface elastic wave filter 

(57) A surface elastic wave filter 40 has a pair of electrodes 20, 22 on a surface of a piezoelectric body 4 
and at least one of the electrodes is constructed as electrode fingers 26a in the form of comb teeth which 
are progressively spread away from each other along a direction normal to the direction in which a surface 
elastic wave is propagated on body 4. A dot structure as a scattering reflector 42 for scattering and 
reflecting a portion of the surface elastic wave is disposed between the electrodes. Alternatively, some of 
the electrode fingers are dropped or removed, or divided voltages are applied to electrode fingers, or a 
scattering reflector is added to a filter with some of its electrode fingers removed or with divided voltages 
applied to electrode fingers. A filter having good selectivity and desired frequency characteristics is thus 
achieved. 
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SPECIFICATION 

Surface elastic wave filter 

5 The present invention relates to a surface 
elastic wave filter, and more particularly to a 
filter employing a surface elastic wave device 
comprising electrodes in the form of a pair of 
thin metallic films on a surface of a piezoelec- 
10 trie body for sending and receiving a surface 
elastic wave between the electrodes to pick 
up a signal having desired frequency charac- 
teristics. 

Surface elastic-wave devices utilize the pro- 

15 perties of a surface elastic wave such that 
most of its -energy is propagated along a sur- 
face of a solid body. Such surface elastic 
wave devices are used in oscillators, fitter cir- 
cuits, delay circuits, and the like in various 

20 pieces of communication or electronic equip- 
ment. The surface elastic wave device com- 
prises, for example, a piezoelectric crystal 
body with a ground surface and electrodes in 
the form of a pair of thin metallic films on the 

25 surface of the piezoelectric crystal body for 
sending and receiving a surface elastic wave 
between the electrodes. More specifically, 
when one of the electrodes on the piezoelec- 
tric crystal body receives an electric input sig- 

30 nal, the piezoelectric, body vibrates due to the 
piezoelectric effect, and the vibration is 
transmitted from the electrode and propagated 
as an elastic wave along the surface of the 
piezoelectric body toward the other electrode. 

35 The other electrode receives the elastic wave 
and issues an electric output signal due to the 
reverse piezoelectric effect of the piezoelectric 
body. 

Fig. 1 of the accompanying drawings illus- 

40 trates a conventional filter, generally desig- 
nated by the reference numeral 2, comprising 
such a surface elastic wave device. The filter 
2 has a piezoelectric body 4 serving as a 
signal propagation medium and a pair of input 

45 and output electrodes 6, 8 disposed as signal 
transducer means on a surface of the piezoe- 
lectric body 4. The input electrode 6 com- 
prises a pair of common electrodes 12a, 12b 
having plural parallel electrode fingers 10a, 

50 10b, respectively, in the shape of comb teeth. 
The electrode fingers 10a, 10b are disposed 
in interdigitating relation. An input signal IN is 
applied between the common electrodes 12a, 
12b. The output electrode 8 comprises a pair 

55 of common electrodes 16a, 16b having plural 
interdigitating parallel electrode fingers 14a, 
14b, respectively. An output signal OUT is 
produced from between the common elec- 
trodes 16a, 16b. The electrode fingers 10a, 

60 10b and 14a, 14b extend perpendicularly to 
the direction indicated by the arrow T along 
which a surface elastic wave is propagated on 
the surface of the piezo-electric body 4. 
When an input signal IN is applied between 

65 The common electrode 12a. 12b of ihf> inrxn 
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electrode 12, a surface elastic wave is gener- 
ated between the electrode fingers 10a, 10b 
, due to the piezoelectric effect. The produced 
surface elastic wave is propagated in the di- 

70 rection T and reaches the output electrode 8, 
which converts the surface elastic wave to an 
electric signal due to the reverse piezoelectric 
effect. The electric signal is issued as an out- 
put signal OUT from between the common 

75 electrodes 16a, 16b of the output electrode 
16. 

It is known that the output signal OUT from 
the filter 2 has frequency characteristics de- 
pendent on the structure of the input and out- 
80 put electrodes 6, 8. Therefore, an output sig- 
nal OUT of desired frequency characteristics 
might be obtained from the filter 2 by adjust- 
ing or varying the spacings between the elec- 
trode fingers 10a, 10b, 14a, 14b or the num- 
85 ber or the configuration of these electrode fin- 
gers, it would, however, be quite difficult to 
achieve complex frequency characteristics hav- 
ing a plurality of passbands or notch filter 
characteristics having a frequency rejection 
90 band within a passband in the above filter, 
i.e., a filter including in combination an apo- 
dized electrode and a normal electrode. 

Another conventional surface elastic wave 
filter is shown in Fig. 2 of the accompanying 
95 drawings. The filter, generally denoted at 18, 
comprises an input electrode 20 and an out- 
put electrode 22 on a surface of a piezoelec- 
tric body 4. The input electrode 20 has two 
common electrodes 24a, 24b. The common 

100 electrode 24a has a plurality of electrode fin- 
gers 26a in the shape of comb teeth which 
are progressively closer to each other toward 
the other common electrode 24b. The com- 
mon electrode 24b has a plurality of electrode 

105 fingers 26b in the shape of comb teeth which 
are progressively spread away each other to- 
ward the common electrode 24a. These elec- 
trode fingers 26a, 26b are disposed in interdi- 
gitating fashion. The output electrode 22 in- 

110 eludes a pair of common electrodes 28a, 28b 
having electrode fingers 30a, 30b, respec- 
tively, which are shaped and positioned in the 
same manner as the electrode fingers 26a, 
26b of the input electrode 20. 

115 It is known in the art that the frequency 
characteristics of an output signal OUT pro- 
duced by the fitter 18 have a substantially 
rectangular pattern, as shown in Fig. 3. De- 
noted at a in Fig. 3 is the width of a pass- 

120 band in which the output signal 18 is pro- 
duced by the fitter 18, the passband width a 
being determined by the maximum and mini- 
mum spacings between the electrode fingers 
26a, 26b or 30a, 30b. 

125 Since the frequency characteristics of the 

output signal OUT produced by the filter 18 is 
of a simple rectangular pattern, the electrodes 
need to be designed further in order to obtain 
an output signal OUT which has desired com- 

130 plicated freau^nov charaei^ric.tics Obtainino an 
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output signal OUT which has desired compli- 
cated frequency characteristics might be ac- 
complished by combining the filter 2 or the 
filter 8 with a filter in the form of an electric 
5 circuit comprising resistors, capacitors, and 
the like. However, use of such an external 
electric circuit would make the entire assembly 
more complex. 
The filter is required to increase its ability to 

10 separate a desired signal from an unwanted 
signal, known as "selectivity", by increasing 
the ratio S (see Fig. 3) between the insertion 
loss at passed frequencies and the loss at 
cut-off frequencies. With a generally employed 

15 combination of an apodized electrode and a 
normal electrode, however, it would be diffi- 
cult to improve selectivity with respect to wi- 
deband filters having a fractional band of 30 
% or more, it would be possible to increase 

20 the fractional band, but no method has been 
proposed to better the selectivity, for the filter 
as illustrated in Fig. 2. 

No proposal has been made to increase the 
selectivity with respect to the control of fre- 

25 quency characteristics on the propagation path 
between the input and output electrodes. 
Therefore, in applications such for example as 
a notch filter having a frequency rejection 
band within a passband, it has been difficult 

30 to design the filter such that the rejection 
band will be reduced while increasing the 
amount of attenuation of rejected frequencies. 
More specifically, the intensity distribution of a 
surface elastic wave excited when a certain 

35 frequency is applied, in a direction normal to 
the direction of propagation, is expressed as a 
function of sin(xj/x with its frequency f at the 
center, where 



40 x = Njt (f - fi)/fi 

(N is the number of electrode finger pairs) 

Therefore, even if the surface elastic wave is 
attenuated in a channel in the propagation 

45 path which corresponds to a certain fre- 
quency, the surface elastic wave is excited 
from another channel as a side lobe. Conse- 
quently, where the number of input electrode 
finger pairs is equal to the number of output 

50 electrode finger pairs, the amount of fre- 
quency attenuation attained in a certain chan- 
nel is only 26 dB even from the standpoint of 
theoretical considerations. 

It is a general object of the present inven- 

55 tion to provide a surface elastic wave filter 
capable of producing a signal of desired fre- 
quency characteristics by positioning a dot 
structure for scattering and reflecting a portion 
of a surface elastic wave at a location be- 

60 tween a pair of electrodes on a surface of a 
piezoelectric body, or reducing the number of 
electrode fingers of the surface elastic wave 
filter, or effecting weighting such as voltage 
division. 



70 



75 



80 



85 



90 



95 



100 



105 



1 10 



115 



120 



125 



provide a surface elastic wave filter compris- 
ing a piezoelectric body having a surface, a 
pair of electrodes disposed on the surface for 
sending and receiving a surface elastic wave 
between the electrodes to pick up a signal of 
prescribed frequency characteristics, at least 
one of the electrodes comprising a plurality of 
electrode fingers progressively spread from 
each other, and a dot structure disposed on 
the surface between the electrodes for scat- 
tering and reflecting a surface elastic wave of 
a prescribed frequency. 

Still another object of the present invention 
is to provide a surface elastic wave filter 
wherein the dot structure comprises a plurality 
of dots spaced at a constant spacing and ar- 
ranged at a pitch equal to a multiple of 1/2 of 
the wavelength of the surface elastic wave. 

A further object of the present invention is 
to provide a surface elastic wave filter wherein 
the dot structure is inclined from a direction 
normal to the direction in which the surface 
elastic wave is propagated between the elec- 
trodes. 

A still further object of the present invention 
is to provide a surface elastic wave filter com- 
prising a piezoelectric body having a surface, a 
pair of electrodes disposed on the surface for 
sending and receiving a surface elastic wave 
between the electrodes to pick up a signal of 
prescribed frequency characteristics, at least 
one of the electrodes comprising a plurality of 
electrode fingers progressively spread from 
each other, and one or both of the electrodes 
comprising a group of electrode fingers and 
being devoid of electrode fingers which would 
make a complete set of electrode fingers if 
combined with the group of electrode fingers. 

A yet still further object of the present in- 
vention is to provide a surface elastic wave 
filter comprising a piezoelectric body having a 
surface, a pair of electrodes disposed on the 
surface for sending and receiving a surface 
elastic wave between the electrodes to pick 
up a signal of prescribed frequency character- 
istics, at least one of the electrodes compris- 
ing a plurality of electrode fingers progres- 
sively spread from each other, and a plurality 
of resistors connected in series respectively 
with electrode fingers of one or both of the 
electrodes. 

Another object of the present invention is to 
provide a surface elastic wave filter compris- 
ing a piezoelectric body having a surface, a 
pair of electrodes disposed on the surface for 
sending and receiving a surface elastic wave 
between the electrodes to pick up a signal of 
prescribed frequency characteristics, at least 
one of the electrodes comprising a plurality of 
electrode fingers progressively spread from 
each other, one or both of the electrodes 
comprising a group of electrode fingers and 
being devoid of electrode fingers which would 
make a complete set of electrode fingers if 
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and a scattering reflector comprising a dot 
structure and disposed on the surface on 
which the surface elastic wave is propagated. 
Still another object of the present invention 
5 is to provide a surface elastic wave filter com- 
prising a piezoelectric body having a surface, a 
pair of electrodes disposed on the surface for 
sending and receiving a surface elastic wave 
between the electrodes to pick up a signal of 

10 prescribed frequency characteristics, at least 
one of the electrodes comprising a plurality of 
electrode fingers progressively spread from 
each other, a plurality of resistors connected 
in series respectively with electrode fingers of 

15 one or both of the electrodes, and a scatter- 
ing reflector comprising a dot structure and 
disposed on the surface on which the surface 
elastic wave is propagated. 
The above and other objects, features and 

20 advantages of the present invention will be- 
come more apparent from the following de- 
scription when taken in conjunction with the 
accompanying drawings in which preferred 
embodiments of the present invention are 

25 shown by way of illustrative example. 

Figs. 1 and 2 are plan views of conventional 
filters; 

Fig. 3 is a diagram showing frequency char- 
acteristics of the filter shown in Fig. 2-; 
30 Fig. 4 is a plan view of a surface elastic 
wave filter according to the present invention; 

Fig. 5 is a diagram showing frequency char- 
acteristics of the filter shown in Fig. 4; 
Fig. 6 is a plan view of a surface elastic 
35 wave filter according to another embodiment 
of the present invention; 

Fig. 7 is a diagram showing frequency char- 
acteristics of the filter shown in Fig. 6; 

Fig. 8 is a plan view of a scattering reflector 
40 employed in the filters shown in Figs. 4 and 
6; 

Fig. 9 is a plan view of a surface elastic 
wave filter according to a further embodiment 
of the present invention; 
45 Fig. 10 is a diagram illustrating normalized 
frequency characteristics of the filter shown in 
Fig. 9; 

Fig. 11 is a diagram of frequency character- 
istics of a notch filter composed of the filter 

50 of Fig. 9 with a scattering reflector incorpor- 
ated therein; and 

Fig. 12 is a plan view of a surface elastic 
wave filter according to a still further embodi- 
ment of the present invention. 

55 Fig. 4 shows a filter, generally designated 
by the reference numeral 40, employing a sur- 
face elastic wave device according to the pre- 
sent invention. The filter 40 comprises a pie- 
zoelectric body 4 as a substrate which is 

60 made of a crystal of lithium nidbate (UNb0 3 ). 
The piezoelectric body 4 has a ground surface 
on which input and output electrodes 20, 22 
in the form of a pair of thin metallic films are 
formed by evaporation or the like. The input 

65 electrode 20 comprises a common electrode 



24a having a plurality of electrode fingers 26a 
in the shape of comb teeth, and a common 
electrode 24b having a plurality of electrode 
fingers 26b in the shape of comb teeth, the 
70 electrode fingers 26a, 26b being arranged in 
interdigitating relation. The electrode fingers 
26a are progressively closer to each other in 
a direction away from the common electrode 
24a toward the common electrode 24b, 
75 whereas the electrode fingers 26b are pro- 
gressively spread away each other in a direc- 
tion away from the common electrode 24b 
toward the common electrode 24a. The out- 
put electrode 22 comprises a common elec- 
80 trode 28a having a plurality of electrode fin- 
gers 30a in the shape of comb teeth, and a 
common electrode 28b having a plurality of 
electrode fingers 30b in the shape of comb 
teeth. The output electrode 22 is disposed on 
85 the surface of the piezoelectric body 4 in the 
same pattern as that of the input electrode 
20. The electrode fingers 26a, 26b, 30a, 30b 
extend in a direction substantially normal to 
the direction indicated by the allow T along 
90 which a surface elastic wave is propagated 
from the input electrode 20 to the output 
electrode 22. 

A dot structure in the form of a scattering 
reflector 42 is disposed between the input 
95 electrode 20 and the output electrode 22. The 
scattering reflector 42 comprises a plurality of 
dots lying in a direction normal to the direc- 
tion T of propagation of the surface elastic 
wave, and extending in the direction T of pro- 

100 pagation. The dots may be of any of various 
shapes such as a rectangle, a circle, or the 
like insofar as they can be seen as dots when 
viewed. The scattering reflector 42 is made of 
the same thin metallic film as those of the 

105 input and output electrodes 20, 22, and 

should preferably be formed by evaporation or 
the like at the same time that the electrodes 
20, 22 are formed. 
Operation and advantages of the surface 

110 elastic wave filter thus constructed will herein- 
after be described. 

When an input signal IN is applied between 
the common electrodes 24a, 24b of the input 
electrode 20, the piezoelectric body 4 vibrates 

115 due to the piezoelectric effect. The vibration is 
propagated from the input electrode 20 as an 
elastic wave along the surface of the piezoe- 
lectric body 4 toward the output electrode 22. 
The frequency band of the elastic wave pro- 

120 pagated to the output electrode 22 is gov- 
erned by the maximum and minimum spacings 
between the electrode fingers 26a and be- 
tween the electrode fingers 26b, or between 
electrode fingers 30a and between the eiec- 

125 trode fingers 30b, as described above, where 
the elastic wave transmission region between 
the input electrode 20 and the output elec- 
trode 22 is divided into a plurality of channels 
along the direction T of propagation as shown 

130 in Fiq. 4, elastic waves of normal distribution 
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with different central frequencies are propa- 
gated respectively through these channels A, 
B, C, D, The elastic waves thus propa- 
gated with the channels A, B, C, C, , . . are 
5 converted by the output electrode 22 to an 
output electric signal OUT. If it were not for 
the scattering reflector 42, all of the elastic 
waves passing through the respective chan- 
nels A B C, D, ... would be combined, and 
10 the output signal OUT has the frequency char- 
acteristics as shown in Fig. 3. 

According to the present invention, the 
scattering reflector 42 is disposed in the chan- 
nel C between the input electrode 20 and the 
15 output electrode 22. Therefore, the elastic 
wave going Through the channel C is scatt- 
tered and reflected by the scattering reflector 
42 and fails to reach the output electrode 22. 
Therefore, an output signal OUT produced by 
20 the output electrode 22 has frequency charac- 
teristics from which the elastic wave having a 
central frequency corresponding to the channel 
C is dropped. Fig. 5 shows such frequency 
characteristics, with b indicating a frequency 
25 rejection band in which the elastic wave in the 
channel C is scattered and reflected. 

The frequency characteristics with such a 
frequency rejection band b are called notch 
filter characteristics, and the filter exhibiting 
30 such frequency characteristics can effectively 
be used, for example, as a notch filter for 
removing a disturbing signal from the video 
signal band of a television wave. Since the 
scattering reflector 42 can be fabricated by 
35 evaporation or the like at the same time that 
the input and output electrodes 20, 22 are 
fabricated, the filter 40 can be manufactured 
' at substantially the same cost or in substan- 
r tially the same period of time as the conven- 
40 tional filter 18 shown in Fig. 2. ... 
The frequency characteristics determined by 
the electrodes 20, 22 are not required to 
modify, but desired frequencies can be re- 
jected only by changing the propagation path 
45 in the above manner. Therefore, the frequency 
characteristics of an elastic surface wave de- 
vice can be altered or modified after it has 
been manufactured, such alteration or modifi- 
cation being impossible to make heretofore. 
50 More specifically, a fitter as shown in Fig. 2 
which has frequency characteristics as shown 
in Fig. 3 is designed and a patterning mask 
for such a filter is manufactured. Then, a 
notch filter having desired frequency character- 
55 istics can be produced by manufaturing a pat- 
terning mask for a propagation path or form- 
ing a scattering reflector directly on the propa- 
gation path on the filter of Fig. 2. 
The scattering reflector 42 may be formed 
60 as a thin metallic film of aluminum, gold, or 
the like by evaporation, etc. Furthermore, the 
scattering reflector 42 may also be formed of 
an oxide-such as silicon dioxide. Alternatively, 
desired frequencies can be cut off by defining, 



as a grating structure in a prescribed area in 
the elastic wave propagation path through ion 
etching, ion implantation, or the like. 

Fig. 6 shows a surface elastic wave filter 48 
70 according to another embodiment of the pre- 
sent invention. The filter 48 includes grating 
structures in the form of scattering reflectors 
44, 46 disposed respectively in different chan- 
nel's in the elastic wave propagation path be- 
75 tween the input and output electrodes 20, 22. 
Elastic waves of two different frequencies 
passing through these channels are scattered 
and reflected by the scattering reflectors 44, 
46 The output signal OUT from the output 
80 electrode 22 has frequency characteristics 
with two frequency rejection bands c, d as 
shown in Fig. 7. 

The dot structure of each of the scattering 
reflectors 42, 44, 46 is composed of dots 
85 which may be of any of various shapes such 
as a rectangle other than a circle. Fig. 8 
shows, by way of example, of the shape of 
dots of the dot structure. The elastic wave 
can be reflected and scattered with best effict- 
90 ency by keeping the dots spaced at a con- 
stant interval or spacing along the direction T 
of propagation of the elastic wave and also by 
equalizing the dot-to-dot pitch to a multiple of 
1 /2 of the wavelength of the surface elastic 
95 wave. As shown in Fig. 8, each of the dots 
may be lozenged and inclined from the direc- 
tion normal to the direction T of propagation 
for preventing the surface elastic wave scat- 
tered and reflected by the scattering reflectors 
100 42, 44, 46 from being received by the input 
electrode 20. With this dot arrangement and 
shape, the frequency characteristic curve in 
the frequency passband a can be as flat as 
possible. „ 
105 Fig 9 shows a surface elastic wave filter 52 
according to a further embodiment of the pre- 
sent invention. The filter 52 has an input elec- 
trode 50 including a first group of electrode 
fingers 54a coupled to one common electrode 
110 and a second group of electrode fingers 54b 
coupled to the other common electrode. The 
number of electrode fingers 54a is smaller 
than the number of electrode fingers 54b. The 
electrode fingers 54b are equally spaced, 
115 whereas the electrode fingers 54a are spaced 
at irregular intervals. Stated otherwise, the 
electrode fingers 54a are arranged as if some 
electrode fingers were dropped or removed 
from a complete set of equally spaced elec- 
120 trode fingers. The filter 52 also has an output 
electrode 56 comprising a first group of 
equally spaced electrode fingers 58a and a 
second group of equally spaced, as many 
electrode fingers 58b as the number of the 
125 electrode fingers 58a. The filter 52 of the 

above construction has highly improved selec- 
tivity since the ratio between the insertion 
loss at passed frequencies and the loss at 
cut-off frequencies is more than 40 dB, as 
i-*n chown in Fin 10. The freouencv characteristic 
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curve shown in Fig. 10 has good knee charac- 
teristics, and the 30dB/3dB shape factor can 
be achieved within 1.1. The horizontal fre- 
quency axis in Fig. 10 is normalized. The tm- 
5 proved selectivity of the filter 52 is accom- 
plished since the propagation region of a sur- 
face elastic wave is narrowed by the reduced 
number of electrode fingers, and the intensity 
of the surface elastic wave in the region other 

10 than the propagation region is highly small. By 
locating a scattering reflector in a desired po- 
sition between the input and output electrodes 
50, 56 of the filter 52, therefore, the range of 
rejected frequencies can be greatly reduced 

15 and the amount of attenuation of the rejected 
frequencies can be increased inasmuch as the 
propagation region of a surface elastic wave 
of a certain frequency is narrowed (see Fig. 
11). 

20 Fig. 12 illustrates a surface elastic wave fil- 
ter 62 including an output electrode 60 having 
electrode fingers to which divided voltages are 
applied. The filter 62 also includes an input 
electrode 20 which is identical to that shown 

25 in Fig. 6. The divided voltages to be applied 
to the electrode fingers of the output elec- 
trode 60 are produced respectively by vol- 
tage-divider resistors 64a through 64f. The 
selectivity of the filter 62 can be improved, as 

30 with the filter 52 shown in Fig. 9, by selecting 
the resistances of the resistors 64a through 
64f such that they are progressively greater 
from the center toward outer sides of the re- 
sistor array, e.g., they meet the following ine- 

35 quality: 

(64c « 64d) < {64b == 64e) < (64a = 64f) 

Where the filter 62 is combined with a scat- 

40 tering reflector as described above, a notch 
filter with good knee characteristics and selec- 
tivity can be achieved. 

Dropping or removal of certain electrode fin- 
gers from a complete set of electrode fingers 

45 according to the present invention, thereby 
providing the first group of electrode fingers 
54a as shown in Fig. 9, is not the realization 
of a function obtained by inversely Fourier- 
transforming frequency characteristics required 

50 of a fitter, as has been the case with conven- 
tional parallel electrode fingers. More specifi- 
cally, the filter shown in Fig. 2 has its desired 
frequency characteristics determined by adjust- 
ing the maximum and minimum spacings be- 

55 tween the electrode fingers. Even if some of 
the electrode fingers of the filter of Fig. 2 
were dropped or removed as shown in Fig. 9, 
the function of such an electrode finger drop- 
ping process and the passband would have 

60 almost no bearing on one another. In order to 
improve selectivity of frequency characteristics 
in the present invention, it is important to ap- 
propriately select the relationship between the 
excitation intensity distribution on the propaga- 



time of applying a certain frequency and the 
reception intensity distribution on the output 
side. The function for effecting electrode fin- 
ger removal should be selected to this end. 

70 According to the present invention, as de- 
scribed above, at least one of a pair of elec- 
trodes on a surface of a piezoelectric body is 
constructed as electrode fingers in the form of 
comb teeth which are progressively spread 

75 away from each other along a direction normal 
to the direction in which a surface elastic 
wave is propagated on the surface of the pie- 
zoelectric body, and a dot structure as a scat- 
tering reflector for scattering and reflecting a 

80 portion of the surface elastic wave is disposed 
in a desired position between the electrodes, 
or some of electrode fingers of a surface elas- 
tic wave filter are dropped or removed, or 
divided voltages are applied to electrode fin- 

85 gers, or a scattering reflector is added to a 
filter with some of its electrode fingers re- 
moved or with divided voltages applied to 
electrode fingers. With such an arrangement, 
a filter having good knee characteristics, good 

90 selectivity and desired frequency character- 
istics can be achieved. There can thus be pro- 
vided a surface elastic wave filter capable of 
pro-ducing an output signal of complex fre- 
quency characteristics without the addition of 

95 an external filter circuit and of controlling fre- 
quency characteristics without requiring a 
complex and large arrangement. 

Although certain preferred embodiments 
have been shown and described, it should be 
100 understood that many changes and modifica- 
tions may be made therein without departing 
from the scope of the appended claims. 

CLAIMS 

105 1. A surface elastic wave filter comprising: 
a piezoelectric body having a surface; 
a pair of electrodes disposed on said sur- 
face for sending and receiving a surface elas- 
tic wave between said electrodes to pick up a 
110 signal of prescribed frequency characteristics, 
at least one of said electrodes comprising a 
plurality of electrode fingers progressively 
spread from each other; and 
a dot structure disposed on said surface be- 
1 1 5 tween said electrodes for scattering and 
reflecting a surface elastic wave of a pre- 
scribed frequency. 

2. A surface elastic wave filter according to 
claim 1, wherein said dot structure comprises 

120 a plurality of dots spaced at a constant spac- 
ing and arranged at a pitch equal to a multiple 
of 1 /2 of the wavelength of the surface elas- 
tic wave. 

3. A surface elastic-wave filter according to 
125 claim 1 or 2, wherein said structure is inclined 

from a direction normal to the direction in 
which the surface elastic wave is propagated 
between said electrodes. 

4. A surface elastic wave filter comprising: 
130 a nie7oelfiCiric bodv havino a surface: 



. a pair of electrodes disposed on said sur- 
face for sending and receiving a surface elas- 
tic wave between said electrodes to pick up a 
siqnal of prescribed frequency characteristics. 
5 at least one of said electrodes comprising a 
plurality of electrode fingers progressively 
sDread from each other; and 

one or both of said electrodes comprising a 
group of electrode fingers and being devoid of 
in electrode fingers which would make a com- 
nlete set of electrode fingers if combined with 
said group of electrode fingers. 
5 A surface elastic wave filter comprising, 
a piezoelectric body having a surface; 
15 a pair electrodes disposed on said sur- 
face for sending and receiving a surface elas- 
tic wave between said electrodes to pick up a 
signal of prescribed frequency characteristics, 
at least one of said electrodes comprising a 

20 plurality of electrode fingers progress.vely 
spread from each other; and 

a plurality of resistors connected in series 
respectively with electrode fingers of one or 
both of said electrodes. ■ 

?5 6 A surface elastic wave filter according to 
claim 4 or 5. further including a scattering 
reflector comprising a dot structure anc ^ de- 
posed on said surface on which sa.d surface 
elastic wave is propagated. . 

30 7 A surface elastic wave filter substantially 
as hereinbefore described and shown in Fig- 
ures 4 to 12 of the accompanying drawings. 
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